Caspase-8 is the main initiator caspase in death receptor-induced apoptosis. Procaspase-8 is activated at the death-inducing signaling complex (DISC). Previous studies suggested a two-step model of procaspase-8 activation. The first cleavage step occurs between the protease domains p18 and p10. The second cleavage step takes place between the prodomain and the large protease subunit (p18). Subsequently, the active caspase-8 heterotetramer p18 2 -p10 2 is released into the cytosol, starting the apoptotic signaling cascade. In this report, we have further analyzed procaspase-8 processing upon death receptor stimulation directly at the DISC and in the cytosol. We have found an alternative sequence of cleavage events for procaspase-8. We have demonstrated that the first cleavage can also occur between the prodomain and the large protease subunit (p18). The resulting cleavage product, p30, contains both the large protease subunit (p18) and the small protease subunit (p10). p30 is further processed to p10 and p18 by active caspases. Furthermore, we show that p30 can sensitize cells toward death receptor-induced apoptosis. Taken together, our data suggest an alternative mechanism of procaspase-8 activation at the DISC.
subunits p18 and p10 (see Fig. 1A ). Procaspase-8a contains an additional 2-kDa (15-amino-acid [aa]) fragment, which results from the translation of exon 9. This small fragment is located between the second DED and the large catalytic subunit, resulting in different lengths of procaspase-8a and -8b (p55 and p53 kDa), respectively.
Activation of procaspase-8 is believed to follow an "inducedproximity" model in which high local concentrations and a favorable mutual orientation of procaspase-8 molecules at the DISC lead to their autoproteolytic processing (2, 3, 20) . There is strong evidence from several in vitro studies that autoproteolytic activation of procaspase-8 occurs after oligomerization at the receptor complex (20) . Furthermore, it has been shown that homodimers of procaspase-8 have proteolytic activity and that proteolytic processing of procaspase-8 occurs between precursor homodimers (3) .
Procaspase-8a/b (p55/p53) processing at the DISC has been described to involve two sequential cleavage steps (see Fig.  1A ). This process is referred to as the "two-step model" (3, 17) . The first cleavage step occurs between the two protease domains, and the second cleavage step takes place between the prodomain and the large protease subunit (see Fig. 1A ) (15) . During the first cleavage step, the cleavage at Asp 374 generates the two subunits p43/p41 and p12. Both cleavage products remain bound to the DISC: p43/p41 by DED interactions and p12 by interactions with the large protease domain of p43/p41. The second cleavage step takes place at Asp 216 and Asp 384 , producing the active enzyme subunits p18, p10, and the prodomain p26/p24. As a result of procaspase-8 processing, the active caspase-8 heterotetramer p18 2 -p10 2 is formed at the DISC. This heterotetramer is subsequently released into the cytosol, starting the apoptotic signaling cascade (14) .
Recent studies have shown that processing of procaspase-8 at the DISC is more complicated and can involve additional steps like the generation of a prolonged prodomain of pro-caspase-8, termed CAP3 (p27), that is quickly converted to p26 (see Fig. 1A ) (7) .
In addition to its central role in death receptor-induced apoptosis, caspase-8 was reported to be required for proliferation of lymphocytes (12, 23) . Recently caspase-8 was shown to be an important factor for NF-B activation following T-cell receptor stimulation (28) . The mechanism underlying the dual role of caspase-8 activity and its regulation is largely unknown.
In the present study, we show that upon death receptor stimulation, p30 is formed by cleavage at Asp 210 , a yet-unknown cleavage product of procaspase-8, which comprises the C terminus of procaspase-8. p30 turned out to be a key intermediate product in the course of procaspase-8 processing. Furthermore, we suggest that the p30-mediated activation of procaspase-8 plays an important role in the amplification of the death signal. Taken together, our findings provide a new mechanism of procaspase-8 activation and extend the current twostep cleavage model by an alternative activation pathway.
MATERIALS AND METHODS
Cell lines and cell culture. The T-cell lines CEM, Jurkat 16 (J16), and caspase-8-deficient Jurkats (clone JI9.2) and the B-lymphoblastoid cell lines SKW6.4, Raji, and BJAB were maintained in RPMI 1640 (Life Technologies, Germany), 10 mM HEPES (Life Technologies, Germany), 50 g/ml gentamicin (Life Technologies, Germany), and 10% fetal calf serum (Life Technologies, Germany) in 5% CO 2 .
Antibodies and reagents. Anti-CD95 polyclonal antibodies (C20) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). The anti-caspase-8 monoclonal antibodies (MAbs) C15 and C5, the anti-FADD MAb 1C4, the anti-FLIP MAb NF6 and anti-APO-1 MAb, and the isotype control MAb FII23C have been described elsewhere (5, 24, 26, 31) . Hemagglutinin (HA)-tagged proteins were detected by the anti-HA MAb 12CA5 (Roche, Switzerland) or the anti-HA MAb 3F10 (Roche, Switzerland). FLAG-tagged proteins were detected by the anti-FLAG MAb M2 (Sigma, Germany). The horseradish peroxidaseconjugated goat anti-mouse immunoglobulin G1 (IgG1), -2a, and -2b, goat antirabbit IgG, and chicken anti-rat IgG were from Southern Biotechnology Associates (United Kingdom). Leucine zipper (LZ)-CD95L and LZ-TRAIL were produced as described previously (34) . Fluorescein isothiocyanate-coupled antimouse IgG1 MAbs were from Caltag Laboratories. zVAD-fmk was purchased from Merck (Germany). Biotin-zVAD-fmk was purchased from Sigma (Germany). All other chemicals used were of analytical grade and purchased from Merck or Sigma (Germany).
Cloning of procaspase-8 mutants and cleavage fragments. p30-210 (aa 210 to 418) and p30-216 (aa 216 to 418) were cloned into the pEF4 expression vector (Invitrogen, Germany) using the PCR. The FLAG-or HA-tagged procaspase-8a cleavage products were cloned into the pEF4 expression vector (Invitrogen, Germany) using the PCR: p30 (aa 210 to 418), p18 (aa 210 to 274), and p10 (384 to 418). The cleavage mutants of procaspase-8a were cloned via overlap PCR into the pEF4 expression vector (Invitrogen, Germany).
Flow cytometry analysis. The percentage of viable cells was determined by forward scatter/side scatter using a FACSscan cytometer (BD). A minimum of 10,000 cells per sample was analyzed. Specific cell death was calculated as follows: (percentage of experimental cell death Ϫ percentage of spontaneous cell death)/(100 Ϫ percentage of spontaneous cell death) ϫ 100.
CD95 surface staining. To analyze the surface expression of CD95, 2 ϫ 10 5 cells were harvested by centrifugation for 5 min at 4,000 rpm. The pellet was resuspended in buffer (10% fetal calf serum in phosphate-buffered saline [PBS] ) and incubated with 10 g/ml of anti-APO-1 MAb or FII23C MAb as an isotype control on ice. The cells were washed with buffer and incubated with fluorescein isothiocyanate-conjugated anti-mouse IgG MAb on ice. The cells were washed and resuspended in buffer for analysis via flow cytometry. The population was gated for the living cells, and the staining of the isotype control was compared to the surface staining with anti-APO-1 MAb. Preparation of primary human T cells. Human peripheral T cells were prepared as described previously (10) . For activation, resting primary human T cells (day 0) were cultured at 2 ϫ 10 6 cells/ml with 1 g/ml phytohemagglutinin (PHA) for 16 h (day 1). T cells were then washed three times and cultured for an additional 5 days in the presence of 25 U/ml interleukin 2 (day 6). ) were stimulated with 1 g/ml anti-APO1 or a 1:10 dilution of LZ-CD95L-containing supernatant for the indicated times if not stated otherwise. The cells were lysed, subjected to SDS-PAGE, and analyzed by Western blotting. For the caspase inhibition experiment, 20 M zVAD-fmk (panspecific caspase inhibitor) was added to the cells 30 min before the stimulation.
Detection of activated caspases by bioVAD-fmk. The detection of activated caspases by bioVAD-fmk was done according to the method of Tu et al. (32) . Jurkat T cells (5 ϫ 10 7 ) were incubated with 50 M bVAD-fmk (Sigma) or dimethylsulfoxide for 2 h at 37°C. Cells were then treated for 4 h with LZ-CD95L and subsequently lysed in CHAPS lysis buffer (150 mM KCl, 50 mM HEPES, 0.1% CHAPS, pH 7.4). After clearance by centrifugation (20 min, 13,000 rpm), Streptavidin-agarose (30 l) was added to the supernatant and agitated at 4°C. The beads were washed five times in CHAPS lysis buffer, boiled, and resolved by SDS-PAGE. Caspase-8 was detected by immunoblotting with the anti-caspase-8 MAb C15.
Stable transfection of BJAB cells. Stable transfection of BJAB cells was performed using the pEF4 expression vectors encoding p30-210 and p30-216 and the empty vector by electroporation (960 F, 200 V). Selection pressure was applied 48 h after transfection (100 g/ml Zeocin) for 2 weeks. Expression was controlled by Western blotting using the anti-caspase-8 MAb C15.
RESULTS
A new 30-kDa protein is detected with the anti-caspase-8 MAb C15. Upon stimulation of CD95, we detected a new prominent protein band with the anti-caspase-8 MAb C15 in addition to the previously described procaspase-8a/b products p43/p41 and p18 ( Fig. 1A and B) (24) . The molecular mass of this protein was about 30 kDa, and therefore, it was termed p30 (Fig. 1B) . p30 was observed upon CD95 stimulation with LZ-CD95L in caspase-8 immunoprecipitates from the B-lym-phoblastoid cell lines SKW6.4, Raji, and BJAB and the T-cell lines CEM and Jurkat 16 but not in caspase-8-deficient Jurkat (clone JI9.2) (Fig. 1B) .
To shed more light on the generation of p30, we stimulated SKW6.4 cells with LZ-CD95L and followed processing of procaspase-8a/b using the anti-caspase-8 MAb C15. p30 appeared in a stimulation-dependent way along with the other wellknown cleavage products of procaspase-8 p43/p41 and p18 (Fig. 1C ). p30 and p43/p41 were detected at the same time points of stimulation. The amount of p30 was substantially smaller than the amount of p43/p41. This may explain why we overlooked p30 in previous studies.
To analyze whether p30 is a common product of procaspase-8 processing upon death receptor triggering, we stimulated BJAB cells with LZ-TRAIL (Fig. 1D ). The same results as for CD95 stimulation were obtained.
We also analyzed procaspase-8 processing upon CD95 stimulation in a number of other T-and B-cell lines (Fig. 1B) and primary human T cells (Fig. 1E ). p30 was detected in all these cell lines; however, the amount of p30 was always substantially smaller than the amount of p43/p41. Thus, we have detected a new protein of 30 kDa, p30, which appears upon death receptor-induced processing of procaspase-8 and is most likely a new cleavage product of procaspase-8.
p30 comprises the C terminus of procaspase-8. The detection of p30 with the anti-caspase-8 MAb C15, raised against p18 of procaspase-8, indicated the presence of the p18 subunit within the p30 protein (Fig. 1B) . To identify the structure of p30, we analyzed procaspase-8 processing upon CD95 stimulation in SKW6.4 cells using two MAbs against the C terminus of procaspase-8: C15 and C5 ( Fig. 2A) . The anti-caspase-8 MAbs C15 and C5 recognize the p18 and p10 subunits of procaspase-8, respectively (24) . Since p30 was recognized by both antibodies, we concluded that p30 comprises the p18 and p10 subunits of procaspase-8.
If p30 is a cleavage product generated by procaspase-8 activity, the formation of p30 should be inhibited by the pancaspase inhibitor zVAD-fmk. Indeed, preincubation of SKW6.4 cells with zVAD-fmk inhibited the formation of p30 as well as the formation of the known cleavage products p43/ p41 and p18 (Fig. 2B ). This suggests that p30 is a caspasedependent cleavage product of procaspase-8.
Analysis of the primary structure of procaspase-8a revealed that cleavage at Asp 210 and Asp 216 would result in the formation of a C-terminal p10-and p18-containing cleavage product with a molecular mass of about 30 kDa (Fig. 2C, lower part) . To test this hypothesis, we generated two cDNAs corresponding to the potential procaspase-8 C-terminal fragments resulting from cleavage at Asp 210 and Asp 216 , which we named p30-210 and p30-216, respectively. p30-210 and p30-216 were translated in vitro and loaded on the same gel as total cellular lysates from CD95-stimulated SKW6.4 cells, followed by Western blot analysis with the anti-caspase-8 MAbs C5 and C15 (Fig. 2C, upper part) . Interestingly, the molecular mass of endogenous p30 was identical to the in vitro-translated product p30-210 but not to p30-216. In summary, these data provide evidence that p30 is a C-terminal cleavage product of procaspase-8 generated by cleavage at Asp 210 . To verify that p30 is generated by cleavage at Asp 210 , we compared the processing of wild-type procaspase-8a and cleavage mutants of procaspase-8a: D210A and D216A (Fig. 2D) . All three constructs were translated in vitro in the presence of [ 35 S]methionine. CD95 DISCs were isolated from SKW6.4 cells and added to the in vitro-translated protein, and the processing of procaspase-8a was monitored by 35 S autoradiography. Besides the described cleavage products (p43, p26, p18, p12, and p10), the processing of wild-type procaspase-8a resulted in the formation of p30-210 and p30-216. p30-210 was abundant compared to p30-216, which was formed only in minor amounts. Upon processing of mutated procaspase-8a (D210A), only p30-216 was generated. Mutation at Asp 216 did not influence the formation of p30-210 but impaired the generation of p30-216. Thus, we conclude that p30 is generated predominantly by cleavage at Asp 210 . However, when Asp 210 is mutated, cleavage might also occur at position 216.
p30 is formed at the DISC and interacts with procaspase-8, p30, p18, p10, and c-FLIP L. To determine at which step in CD95 signaling p30 is generated, the CD95 DISC was immunoprecipitated prior to and at early times after addition of anti-APO-1 MAb. The CD95 DISC was immunoprecipitated from SKW6.4 cells using anti-APO-1 MAb and analyzed by Western blotting with the anti-caspase-8 MAb C15. p30 was detected at the CD95 DISC along with the other known cleav- on June 30, 2017 by guest http://mcb.asm.org/ age products of procaspase-8 p43/p41 and p18 (Fig. 3A) . As in total cellular lysates, we observed that the amount of p30 at the CD95 DISC was lower than the amount of p43/p41. Thus, p30 is formed at the CD95 DISC during early procaspase-8 processing. The amount of p30 in the lysate ( Fig. 1C and 2A ) and at the DISC (Fig. 3A) decreased with increasing stimulation time, indicating a possible DISC-mediated cleavage of p30 into p18 and p10. We have also detected p30 at complex II, the other caspase-8-activating complex (see Fig. S1 in the supplemental material), which has been reported recently (16) . Complex II is formed in the cytosol upon CD95 stimulation and contains DED proteins of the DISC but lacks CD95. p30 can potentially be bound to the DISC and complex II via interactions with the protease domains of another procaspase-8 molecule, forming a heterodimer, procaspase-8/p30 (Fig. 3B) . As soon as the C-terminal part of full-length procaspase-8 in the heterodimer is cleaved, p30 is released into the cytosol. In addition, p30 could be further processed in this procaspase-8/p30 heterodimer to p18 and p10.
To check the hypothesis that p30 interacts with the protease domain of procaspase-8, we transfected 293T cells with HAtagged procaspase-8 (HAprocaspase-8) and FLAG-tagged p30 (FLAGp30). This was followed by HA immunoprecipitation and FLAG immunoprecipitation (Fig. 4A, upper panel) . We can observe FLAGp30 in the HA immunoprecipitation and HAprocaspase-8 in the FLAG immunoprecipitation, indicating an interaction of the proteins. In this way, the proposed interaction between p30 and procaspase-8 was validated.
To further verify the interaction between p30 and procaspase-8, we performed independent coimmunoprecipitation experiments using HAp30 and FLAGprocaspase-8 (Fig. 4A,  lower panel) . We detected FLAGprocaspase-8 and HAp30 in the HA and FLAG immunoprecipitations, respectively. Therefore, we can conclude that p30 interacts with procaspase-8 and forms heterodimers.
To define the site of interaction with procaspase-8, we transfected 293T cells with HAp30 along with the C-terminal fragments of procaspase-8: FLAGp30, FLAGp18, and FLAGp10 (Fig. 4B) . We can coimmunoprecipitate HAp30 with FLAGp30, demonstrating that p30 associates with the C terminus of procaspase-8. This was further confirmed by the observed interactions between HAp30 and the protease subunits of caspase-8, FLAGp18 and FLAGp10 (Fig. 4B) . Thus, we could show that p30 interacts with the C terminus of procaspase-8 via both the p10 and p18 fragments. Furthermore, we could coimmunoprecipitate dimers of p30 by using differentially tagged p30 constructs in 293T cells (Fig. 4B, upper panel) . This is important because the artificially dimerized C-terminal part of procaspase-8 was reported to have catalytic activity (22) . Therefore, it might be suggested that dimers of p30 could possess catalytic activity in the cells promoting the apoptotic signal.
To determine other interaction partners of p30 at the CD95 DISC, 293T cells were transfected with HA-tagged p30 (HAp30) along with the main DISC components: CD95, FADD, and c-FLIP L . Subsequently, coimmunoprecipitation experiments were performed. In these experiments, we observed an interaction of p30 with c-FLIP L (Fig. 4C) . Since previous reports have demonstrated stable association of protease domains of procaspase-8 and c-FLIP L , it might be suggested that p30 also interacts with c-FLIP L and procaspase-8 via their protease domains (4, 18) . As expected, direct interactions of p30 with FADD and CD95 were not detected. Thus, we observed that p30 is formed at the CD95 DISC and interacts with procaspase-8 and c-FLIP L . The interactions with procaspase-8 occur via the C-terminal protease domains: p30, p18, and p10.
We have shown that p30 is the C terminus of procaspase-8 formed at the DISC simultaneously with p43/p41. However, processing via the p30 pathway seems to occur to a lesser extent than that via the p43/p41 pathway, since we can detect only smaller amounts of p30 by Western blotting.
To estimate the relative amounts of procaspase-8 cleaved via the p30 pathway versus the p43/p41 pathway, we applied quantitative Western blotting, measuring the ratio of p43/p41 cleavage products to the p30 cleavage product in SKW6.4 cells upon CD95 stimulation (Fig. 5) . The amount of p30 generated was always about 10 times less than the amount of p43/p41. This was observed for different time points (Fig. 5A ) and for different amounts of stimulating anti-APO-1 antibodies (Fig. 5B) . However, to estimate the real amount of procaspase-8 cleaved to p43/p41 versus that cleaved to p30, it is important to know the degradation and cleavage rates of p43/p41 versus p30 products. This will be a topic of future studies. p30 can be processed to p10 and p18 by active caspase-8 and -9. Next, we studied whether p30 can be further processed to the active protease subunits p18 and p10 and can form the active heterotetramer p10 2 -p18 2 . To determine the protease activity that can process p30 into p10 and p18, recombinant caspase-3, -8, and -9 were added to in vitro-translated 35 Slabeled HAp30 and an uncleavable mutant (D374/384A) of HAp30 (HAp30 mut). The results of processing were analyzed by autoradiography. Both caspase-8 and caspase-9 processed HAp30 to the small protease subunits p10 and p18, indicating a cleavage at Asp 374 and Asp 384 (Fig. 6A) . We also detected the intermediate product of procaspase-8 processing, p20. However, the uncleavable mutant of HAp30 (D374/384A) was not processed. Thus, p30 is processed to p10 and p18 by cleavage at Asp 374 and Asp 384 .
To confirm this result, HAp30 and HAp30 mut (D374/384A) were overexpressed in 293T cells and immunoprecipitated using the anti-HA MAb 12CA (Fig. 6B) . Recombinant caspase-3, -8, and 9 were added to immunoprecipitates, and the results of processing were detected by Western blotting using the anticaspase-8 MAbs C15 and C5. We saw only very weak bands of the processed forms of p30, which was probably due to rapid processing of the cleavage products by other proteases or the proteasome. Again, p30 was processed to p10 and p18 by recombinant caspase-8 and -9 but not by caspase-3.
Thus, p30 can be cleaved by caspase-8 and -9 at Asp 374 and Asp 384 . This cleavage results in the formation of the active protease subunits p10 and p18.
p30 sensitizes cells toward CD95-induced apoptosis. To examine the role of p30 in CD95-mediated apoptosis, we generated BJAB cell lines overexpressing p30-210 and p30-216. The amount of p30 in these cell lines was validated by Western blotting (Fig. 7A) . We further analyzed p30-overexpressing (Fig. 7B) . The surface expression of CD95 was not altered (Fig. 7C) . The background apoptosis was only slightly higher in p30-overexpressing BJAB cells. In contrast, we did not observe any sensitization in these p30-overexpressing BJAB cell lines toward UV-induced or staurosporine-induced apoptosis relying on the intrinsic mitochondrial pathway (Fig. 7D) . The same results were obtained with p30-216-overexpressing BJAB cells (see Fig. S2 in the supplemental material). These data provide direct evidence that p30 sensitizes cells toward CD95-induced death receptor-mediated apoptosis.
To get more insight into the mechanism of sensitization toward CD95-mediated apoptosis induced by p30, we used active site labeling and subsequent pulldown experiments using biotinylated zVAD. Besides the known activated forms of procaspase-8, a band corresponding to p30 could be detected in the pulldown (Fig. 8A) . Considering that typically p30 is generated in very small amounts, it is remarkable that we could detect p30 in this pulldown and thereby show that it is catalytically active. This demonstrates that p30 has enzymatic activity and explains how p30 can amplify CD95-induced apoptosis. 
DISCUSSION
Caspase-8 is a critical component of the death receptorapoptotic pathway (8, 19, 33) . The activation of procaspase-8 at the DISC plays a central role in the regulation of this type of apoptosis. In this article, we describe a new procaspase-8 cleavage product, p30, which comprises the C terminus of procaspase-8, containing both protease subunits p10 and p18. p30 is generated at the DISC upon stimulation of the death receptor CD95 or TRAIL-R1/R2 and can be further processed to the active caspase-8 subunits p10 and p18. Overexpression of p30 sensitizes cells toward the CD95-induced apoptotic cascade.
The amount of p30 generated upon both CD95 and TRAIL-R1/R2 stimulation is lower than those of the cleavage products p43/p41 and p18. This might be explained by p30 being an intermediate cleavage product of procaspase-8 that is quickly converted to p10 and p18. Therefore, p30 was overlooked in previous studies of procaspase-8 processing.
p30 formation takes place fast after CD95 and TRAIL-R1/R2 stimulation ( Fig. 1 and 2) . In a number of previous publications, the two-step cleavage model was described and it was suggested that the two procaspase-8 cleavage steps occur in strict order: the first cleavage step occurs between the large and small subunits of procaspase-8 and the second cleavage step between the large subunit and the prodomain (3, 17) . p30 appears simultaneously with the other cleavage products of procaspase-8 p43/p41 and p18. From these data, we conclude that cleavage between the protease domains (D374/D384) that generates p43/p41 and cleavage between the prodomain of procaspase-8 and the large protease subunit (D210/D216) that generates p30 can occur at the same time. Since the generation of p43/p41 and the generation of p30 exclude each other, the appearance of p43/p41 and p30 in the course of procaspase-8 processing shows simultaneous cleavage at D374/D384 and D210/D216.
The difference between our results and previous data might be explained by the fact that previous studies of procaspase-8 activation were based on artificial constructs in which the DEDs of procaspase-8 were replaced by the FK506 binding protein or by the Fv protein to induce dimerization (3, 35) . In contrast to these models, our studies are based on oligomerization of endogenous procaspase-8 at the CD95 DISC.
Recently it has been shown that procaspase-8 processing also takes place in complex II, which is formed upon CD95 stimulation and contains the DED-containing proteins: procaspase-8, FADD, and FLIP (16) . This complex has been suggested to play an important role in caspase-8 processing, contributing to the amplification of caspase activation in apoptosis. Besides the known caspase-8 cleavage products, p30 can also be found at complex II (see Fig. S1 in the supplemental material). Therefore, p30 is found not only at the DISC but also at other caspase-8 activating complexes.
Based on our experimental data, we suggest a novel model of procaspase-8 activation at the DISC. This model involves two parallel cleavage pathways that occur simultaneously and lead to the generation of an active p10 2 -p18 2 heterotetramer (Fig. 8B) . The first pathway of procaspase-8 processing comprises the well-known two-step mechanism as described above (Fig. 8B, right side) , whereas the alternative pathway of procaspase-8 activation involves an alternative mechanism (Fig.  8B, left side) . In this pathway, the first cleavage occurs between the prodomain and the protease subunit p18, resulting in p30 generation. Subsequently, p30 is further processed into the p10 and p18 subunits. At the final step in both cleavage pathways, the heterotetramer p10 2 -p18 2 is formed, which propagates the apoptotic signal.
We have shown that upon overexpression, p30 can sensitize cells toward CD95-induced apoptosis. From our data, three main pathways of p30-mediated sensitization might be suggested. First, p30 might form dimers which possess catalytic activity. p30 probably can form dimers in the cytosol or at the DISC, since we could show dimer formation in an overexpression system (Fig. 4B ). In addition, we have shown that p30 is enzymatically active upon CD95 stimulation (Fig. 8A) . It has been reported before that dimers of artificially dimerized Cterminal fragments of procaspase-8 possess catalytic activity while monomers do not (22) . Therefore, it might be proposed that p30-mediated sensitization toward CD95-mediated apoptosis involves formation of enzymatically active dimers. The second way of sensitization could be the further processing of p30 to the active heterotetramer p10 2 -p18 2 . We have demonstrated that p30 is processed to the active subunits in vitro (Fig.  6 ). This might lead to an increase in the amount of catalytically active caspase-8. The third possibility is that p30 might act as a scaffold for procaspase-8 activation at the DISC. It was reported that the association of protease domains is crucial for the activation of caspase-8 (3). We have shown that p30 interacts with procaspase-8 ( Fig. 4A) and might therefore be able to form a catalytically active heterodimer with procaspase-8 at the DISC, initiating proteolytic activity of procaspase-8. However, the exact mechanism of the sensitization induced by p30 will be a subject of further studies.
We have described a novel mechanism of procaspase-8 activation, which involves simultaneous cleavage between prodomain and protease subunits, leading to the formation of p30, the C-terminal cleavage product. p30 sensitizes cells toward CD95-induced apoptosis and likely plays an important role in procaspase-8 activation at the DISC. It is essential to understand all processing steps of procaspase-8 at the DISC to eventually regulate CD95-induced apoptosis. In addition, these data might have further implications for the development of CD95-specific apoptosis inhibitors. Thus, these findings might be a basis for drug design in diseases connected with dysregulation in CD95 signaling (11) . activation at the DISC involves two parallel cleavage pathways, which occur simultaneously and lead to the generation of the active p10 2 -p18 2 heterotetramer. The first pathway of procaspase-8 processing comprises the well-described two-step mechanism (right side). The first cleavage occurs between the p18 and p10 subunits, which is followed by the second cleavage between the prodomain and the p18 subunit. The alternative second pathway of procaspase-8 activation involves the novel pathway described in this article (left side). In this pathway, the first cleavage occurs between the prodomain and the protease subunit of p18, which results in p30 generation. Subsequently, p30 is processed to p10 and p18. As the final step in both activation pathways, the active heterotetramer p10 2 -p18 2 is formed, which is then released into the cytosol to propagate the apoptotic signal.
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